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(57) ABSTRACT

An exposure device 1n which a strip-like workpiece 1s
transported by a grip feeding method, 1s to be able to expose
the strip-like workpiece without being tensile stressed 1is
achieved as follows: A feed grip part holds a strip-like
workpiece. The workpiece 1s transported downstream 1n the
transport direction. During transport of the workpiece, the
serpentine of the workpiece 1s determined and corrected.
After stopping the motion of the workpiece, it 1s attached by
a workpiece holding device which 1s located upstream of an
exposure part. Then, the feed gripper part 1s moved accord-
ing to the amount of stretching of the workpiece upstream in
the transport direction, while the workpiece remains
clamped by the feed grip part. In this way, the tensile force
exerted on the workpiece 1s eliminated. Next, the workpiece
1s attached by a second workpiece holding device. The
workpiece 1s attached by suction by a workpiece carrier. The
mask 1s moved, alignment 1s performed and the workpiece
1s exposed.

3 Claims, 9 Drawing Sheets
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EXPOSURE DEVICE FOR A STRIP-LIKE
WORKPIECE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The 1nvention relates to a device for exposure of a
continuous workpiece with a great length (hereinafter called
a “strip-like workpiece™), such as a film of organic
compound, lightweight metal, or the like. The invention
relates especially to an exposure device for a strip-like
workpiece which 1s used for exposure of a mask pattern onto
a strip-like workpiece and for similar purposes.

2. Description of Related Art

Exposure of a strip-like workpiece, such as a film of
organic compound, lightweight metal or the like 1s per-
formed by the workpiece being unrolled from the rolled
state, exposed and wound again onto a reel.

To transport the strip-like workpieces which are used for
the above described exposure device, generally a tensile
force 1s always applied to the workpiece between a takeoft
reel and a take-up reel 1n order to ensure the stability and
positioning accuracy of the workpiece during the workpiece
transport and to correct bulging and waviness of the work-
plece.

FIG. 6 1s a schematic of a conventional example of the
above described exposure device for a strip-like workpiece.
In the figure, a takeofl reel part 10 1s shown in which a
takeoll reel 1, a spacer take-up reel 1a and a guide roller R1
are located. Furthermore, a strip-like workpiece Wb 1s
conventionally located on a spacer S which 1s wound 1n the
manner of a roll around the takeoff reel 1. When the
strip-like workpiece Wb 1s unrolled from the takeoff reel 1,
the spacer S 1s wound up by the spacer take-up reel 1a.

The strip-like workpiece Wb 1is relatively thick (12150
microns, often t=250 microns). For example, a workpiece is
used which was produced by a resin film being coated with
a copper foil (conventionally thicker than the resin film).
Theretore, there are strip-like workpieces Wb which have
bulges 1n the direction of their width.

To transport a strip-like workpiece, for example, the
process described 1n published Japanese Patent Application
HEI 3-19249 1s used 1in which the peripheral edge of the
strip-like workpiece Wb 1s clamped using a grip feeding
device described below, 1s pulled by a preset amount, and the
strip-like workpiece Wb 1s transported by a predetermined
amount (hereinafter this transport process is called a “grip
feeding method”).

The grip feeding method 1s effective when a strip-like
workpiece which 1s thick and has a bulge 1n the direction of
the width 1s transported without contact with the area to be
exposed. In this method, the two edges of the workpiece are
oripped and the workpiece 1s pulled in the fixed state. The
workpiece therefore does not fall out of the transport means
even 1f a workpiece with a bulge 1s transported at high speed.

The strip-like workplece Wb which has been pulled off
the takeoll reel 1 by a grip feeding device 11 1s supplied to
an exposure part 3 which has a workpiece carrier WS and the
like, via the guide roller R1, an edge sensor S1 which
determines the edge position of the strip-like workpiece, and
a guide roller R2. If a predetermined area of the strip-like
workpiece reaches the exposure part 3, transport of the
strip-like workpiece Wb 1s stopped and the strip-like work-
piece 1s exposed.

The strip-like workpiece Wb which 1s exposed in the
exposure part 3 1s wound up via guide rollers R3 and R4 by
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2

a take-up reel 2. When the strip-like workpiece Wb 1s wound
up, a spacer 3 1s supplied from a spacer takeofl reel 2a and
the already exposed, strip-like workpiece Wb, together with
the spacer S, 1s wound up by the take-up reel 2.

Here, 1t 1s desirable to always apply a tensile force to the
strip-like workpiece Wb to prevent waviness and folds from
forming 1n the strip-like workpiece Wb. Therefore, the

takeofl reel 1 1s always exposed to a force which 1s opposite
to the transport direction of the strip-like workpiece Wb (in
FIG. 6, to the right), so that, between the takeoff reel 1 and
the take-up reel 2, the strip-like workpiece Wb 1s always
exposed to a tensile force during its transport and also when
stopped.

The take-up reel 2 1s likewise always subjected to a force
and turned 1n a direction in which the strip-like workpiece
Wb 1s wound up. Between the takeoif reel 1 and the take-up
reel 2, therefore, the strip-like workpiece Wb 1s always
subjected to a tensile force.

In the above described exposure device for a strip-like
workpiece, the strip-like workpiece Wb 1s transported 1n the
manner described below, exposed and subjected to serpen-
fine correction:

(1) Transport and Exposure of the Strip-like Workpiece Wb
by the Grip Feeding Device

The peripheral edge of the strip-like workpiece Wb 1s
clamped by the grip feeding device and the strip-like work-
piece Wb 1s transported by a stipulated amount. FIG. 7
shows an enlarged view of the grip feeding device which 1s
shown 1n FIG. 6. As 1s shown m the drawings, the grip
feeding device 11 has a feed grip part 12 which holds the
cdge of the strip-like workpiece Wb, and a feed grip drive
part 13 which moves the feed grip part 12 by a predeter-
mined amount.

The feed grip drive part 13, for example, has a ball-
circulating spindle 135 which 1s turned by a feed motor 134
and a drive belt 13c, as 1s shown 1n the drawing. The motor
13a turns the ball-circulating spindle 13b, and the feed grip
part 12 which engages the ball-circulating spindle 13b
moves 1n the direction of the arrow i1n the representation.
FIG. 8 1s a schematic of the arrangement of a speciiic
example of the above described grip feeding device 11, a
workpiece carrier WS, which 1s viewed here from the
transport direction, being shown 1n cross section, and the
or1p feeding device 11 also being shown. In the figure, a feed
or1p part 12 1s shown only on one side, although on the other
side there 1s also a feed grip part 12 with the same arrange-
ment. The two edges of the strip-like workpiece Wb are held
and the strip-like workpiece Wb 1s transported in this state.
As 1s shown 1n the drawings, the feed grip part 12 engages
the above described ball-circulating spindle 13b and 1is
installed 1n a holding frame 12b for a grip device which 1s
located on both sides of a movement part 12a which 1s
ouided using a feed guide 13d which moves forward and
backward 1n the drawing. The edge arca of the strip-like
workpiece Wb 1s clamped from the bottom and top by a grip
part Grl of a top component 12¢ and a grip part Gr2 of a
bottom component 124

A guide shaft 12¢, which 1s shidably installed 1n the
holding frame 12b, 1s 1nstalled in the bottom component
12d. Furthermore, in the holding frame 12b, there 1s a first
pneumatic piston 12f with a drive rod which has been
installed 1n the bottom component 12d. When the {irst
pneumatic piston 12/ 1s being driven, therefore, the bottom
component 12d 1s moved up.

The top component 12¢ 1s attached via a shaft 12g to the
bottom component 124 and turns around the shaft 12g. On
the side opposite the grip parts Grl, Gr2 of the top compo-




US 6,243,160 B1

3

nent 12¢ and the bottom component 12d there 1s a spring 12/
by which the top component 12¢ and the bottom component
12d are prestressed 1n a direction 1n which the grip parts Grl
and Gr2 open.

In the bottom component 12d, there 1s a second pneumatic
piston 12, with a drive rod which penetrates the bottom
component 12d and projects from it, and with a tip which
borders the top component 12¢. When the second pneumatic
piston 127 1s being driven, therefore the top component 12¢
turns around the shaft 12g and the grip parts Grl and Gr2
close.

On the other hand, the workpiece carrier WS 1s provided
with vacuum suction openings O, as 1s shown 1n the draw-
ings. When the strip-like workpiece Wb 1s exposed, a
vacuum 1s applied by a vacuum part VP and the strip-like
workpiece Wb 1s attached by suction through the vacuum
suction openings O.

The strip-like workpiece Wb 1s clamped and 1s trans-
ported by the feed grip device 12 as follows:

Proceeding from the state which is shown in FIG. 9(a), the
bottom component 12d 1s lifted by the first pneumatic piston
12f. As 1s shown in FIG. 9(b), the grip part Gr2 of the bottom
component 124 comes into contact with the back of the
strip-like workpiece Wb. The second pneumatic piston 121 1s
lifted. The grip part Grl of the top component 12¢ which
clamps the strip-like workpiece Wb 1s lowered and clamps
the strip-like workpiece Wb.

When the feed grip device 12 1s holding the strip-like
workpiece Wb, the ball-circulating spindle 135 of the feed
orip drive part 13 turns and the feed grip device 12 moves
downstream of the transport direction by a predetermined
amount.

In this way, the strip-like workpiece Wb 1s transported by
a set amount and the area of the strip-like workpiece Wb to
be exposed next 1s transported to the exposure part 3.

During transport of the strip-like workpiece Wb, the
workpiece carrier WS 1s removed underneath the transport
plane. This prevents the back of the strip-like workpiece Wb
from coming into contact with the workpiece carrier WS and
being damaged. The danger of damage of the back of the
strip-like workpiece Wb by contact with the workpiece
carrier WS 1s furthermore prevented by air flowing out of the
vacuum suction openings O of the workpiece carrier WS
which are arranged for attachment of the strip-like work-
piece (see FIG. 8) during transport of the strip-like work-
piece Wh.

When the strip-like workpiece Wb has moved the prede-
termined amount and the area of the strip-like workpiece Wb
to be exposed reaches the exposure part 3, movement of the
strip-like workpiece Wb 1s stopped. The workpiece carrier
WS which has been removed downward 1s lifted by a
workpiece carrier drive part WSD (FIG. 6) as far as the
transport plane. A vacuum 1s applied to the workpiece carrier
WS by the above described vacuum part VP. The strip-like
workpiece Wb 1s held stationary by vacuum suction on the
surface of the workpiece carrier WS.

If, m doimng so, the strip-like workpiece Wb remains
clamped 1n the feed grip part 12, 1t 1s suctioned by the
workpiece carrier WS 1n a state 1n which transport tensile
force 1s applied to the strip-like workpiece Wb by the feed
or1p device 12. Also 1n the case 1n which the feed grip device
12 has released the hold of the strip-like workpiece Wb, the
latter 1s suctioned by the workpiece carrier WS 1n a state in
which it 1s subjected to the tensile force which forms
between the takeoff reel 1 and the take-up reel 2.

When the strip-like workpiece Wb 1s attached to the
workpiece carrier WS by suction, the second pneumatic
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piston 12: 1s pulled back. The top component 12¢ of the feed
orip parts 12 turns, and the grip parts Grl and Gr2 release
the strip-like workpiece Wb (state as shown in FIG. 9(b)).
Furthermore, the first pneumatic piston 12f i1s pulled back

and the bottom component 124 is lowered (state as shown in
FIG. 9(a)). Then the feed grip part 12 is moved by the feed
orip drive part 13 upstream of the transport direction and
returns to the original position.

On the other hand, in the exposure part 3, a mask carrier
drive part MSD moves a mask M, and positioning of the
mask M to the workpiece and exposure are performed.

After completion of exposure, the two sides of the strip-
like workpiece Wb are clamped by the feed grip parts 12.
Furthermore, the vacuum attachment of the strip-like work-
piece Wb 1s released by the workpiece carrier WS and the
workpiece carrier WS 1s removed down. Next, the two edges
of the strip-like workpiece Wb are held by the feed grip parts
12 which have been returned to the original position which
1s upstream of the transport direction, as was described
above. The respective feed grip part 12 1s moved down-
stream of the transport direction and the strip-like workpiece
Wb 1s transported such that an area of the strip-like work-
piece Wb which 1s to be exposed next reaches the exposure
part 3.

(2) Serpentine Correction

When the strip-like workpiece Wb 1s being continuously
transported, there are cases 1n which the strip-like workpiece
Wb 1n the exposure part 3 in the direction of the width of the
strip-like workpiece Wb (in the direction which is perpen-
dicular to the feed direction of the strip-like workpiece Wb)
has a position deviation. This must be corrected and the
correct position of the strip-like workpiece Wb in the
exposure part must be ensured. In doing so, a deviation of
the strip-like workpiece Wb 1n the direction of the width 1s
called the “serpentine” of the strip-ike workpiece Wb.
Correction of the serpentine of the strip-like workpiece Wb
1s called “serpentine correction.”

In the above described case of a device 1n which the entire
strip-like workpiece Wb 1s always subjected to a tensile
force, the serpentine of the strip-like workpiece Wb 1s
determined and corrected 1n the manner described below:

As 1s shown m FIG. 10, 1in the exposure part 3 at a
stipulated position upstream of the workpiece transport
direction there 1s an edge sensor S1 by which the edge
position of the strip-like workpiece Wb 1s determined. The
output of the edge sensor S1 1s sent via a control member 31
to a takeolil reel drive device 32 and to an actuator 33. If
during transport the edge sensor S1 determines a serpentine
of the strip-like workpiece Wb, the control member 31, via
the device 32 and by the actuator 33, moves the entire
takeofl reel part 10 1n the direction of the width of the
strip-like workpiece Wb and corrects the serpentine.

An edge sensor as shown in FIG. 11(a) and (b) can be
used as the edge sensor S1. As is shown in FIG. 11(a), an
cdge sensor can be used in which there are two pairs of
photosensors S11 and S12 next to one another on the outside
and 1nside of the strip-like workpiece Wb, the photosensor
S11 being comprised of an emission element .11 and a light
detection element PT1 and the photosensor S12 being com-
prised of an emission element .12 and a light detection
clement PT2.

Alternatively, a linear sensor S13 which 1s shown 1n FIG.
11(b) can be used which is composed of an emission element
[.13 and a line sensor L.S1, such as a CCD or the like, which
1s located perpendicularly to the transport direction of the
workpiece.

When using the sensor which is shown in FIG. 11(a), the
edge position of the strip-like workpiece Wb 1s determined
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by a combination of ON and OFF of the photosensors S11
and S12. When using the sensor which 1s shown 1n FIG.
11(b), the edge position of the strip-like workpiece Wb is
determined at a position at which the light 1s incident on the
line sensor LSI1.

As was described above, the workpiece 1n a conventional
device 1n a state 1n which the strip-like workpiece Wb 1s
exposed to a tensile force 1s held stationary by the workpiece
carrier WS and exposed. It the strip-like workpiece Wb 1s,
for example, a thin film of organic compound, the strip-like
workpiece Wb 1s therefore exposed in a stretched state.
When 1t 1s removed from the exposure device, the strip-like
workpiece Wb 1s not exposed to a tensile force, by which the
disadvantages arise that the strip-like workpiece Wb shrinks
and the exposure accuracy changes.

When exposure 1s performed 1n a state as shown in FIG.
12(a) in which the tensile force is exerted and then the
tensile force 1s removed, the strip-like workpiece Wb shrinks
and the position of the exposure pattern deviates, as 1s shown
in FIG. 12(b). In this way, the exposure accuracy can no
longer be guaranteed.

Recently, the above described disadvantages were con-
sidered more and more often to be especially problematical
due to the increase need for exposure accuracy, such as with
miniaturization of the exposure pattern or the like.

SUMMARY OF THE INVENTION

The 1nvention was devised to eliminate the above
described disadvantages in the prior art. Therefore, the
primary object of the present invention 1s, 1n an exposure
device 1n which a strip-like workpiece 1s exposed to a tensile
force and 1s transported by a grip feeding method, to hold
stationary the strip-like workpiece without exposure to a
tensile force by the workpiece carrier and to increase the
exposure accuracy of the strip-like workpiece.

The object 1s achieved 1n accordance with the invention as
follows:

In an exposure device which has a transport device for
holding and for intermittent transport of a continuous work-
piece with a great length and a control element which
controls the above described transport device and transports
a not yet exposed arca of the workpiece 1n an intermittent
manner to an exposure part, and in which the workpiece 1s
transported with permanent exposure to a tensile force and
1s exposed 1n an exposure part, upstream ol the exposure
part, there 1s a first workpiece holding part for holding the
workpiece, downstream of the exposure part there 1s a
second workpiece holding part for holding the workpiece,
and 1n the control element, a storage part which stores the
amount 1n which the workpiece is returned upstream accord-
ing to stretching as a result of the tensile force applied to the
workpiece. The following takes place when the workpiece 1s
exposed:

The control member holds the workpiece 1n the exposure
part. After the workpiece has been attached by the first
workpiece holding part, as a result of the amount of return
motion stored 1n the storage part, the transport direction 1s
returned 1n the direction to the exposure part. After a state 1s
reached 1n which the workpiece 1s not exposed to a tensile
force, the workpiece 1s attached by the second workpiece
holding part.

As was described above, 1n accordance with the
invention, upstream and downstream of the exposure part,
there are a first holding part and a second holding part for
holding the workpiece. Furthermore, according to the
invention, in the control member, there 1s a storage part
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which stores the amount with which the workpiece 1s
returned upstream according to the stretching as a result of
the tensile force applied to the workpiece. After attaching the
workpiece by the first workpiece holding part, as a result of
the amount of return motion stored in the storage part, the
transport device 1s returned 1n the direction to the transport
direction. Since a state 1s achieved in which the workpiece

1s not exposed to a tensile force, the workpiece 1s attached
by the second workpiece holding part and exposed. This
measure 1n accordance with the invention prevents the
workpiece from being exposed to a tensile force during
exposure. Thus the exposure accuracy can be increased.

In the following the mvention 1s turther described using
onc embodiment shown 1n the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of one embodiment of the
mvention;

FIG. 2 schematically shows an enlarged view of the first
and second workpiece holding device and the grip feeding

device of FIG. 1;

FIG. 3 a plan view of the first and the second workpiece
holding device and the feed grip part of the grip feeding
device of FIG. 1;

FIGS. 4(a) to 4(d) each schematically show a step in the
transport and exposure of the strip-like workpiece in the
embodiment of the 1nvention;

FIGS. 5(e) through 5(g) each show a further step in the
transport and exposure of the strip-like workpiece in the
embodiment of the invention;

FIG. 6 1s a schematic diagram of a conventional example;

FIG. 7 schematically shows an enlarged view of the first
and second workpiece holding device and the conventional
or1p feeding device of FIG. 6;

FIG. 8 schematically depicts the arrangement of a specific
example of the conventional grip feeding device;

FIGS. 9(a) through 9(c) each schematically show a step in
the holding of the workpiece by the conventional feed grip
part of FIG. 8;

FIG. 10 shows a schematic of the serpentine correction;

FIGS. 11(a) and 11(b), each show a schematic of an
arrangement of an example of an edge sensor; and

FIGS. 12(a) and 12(b) schematically represent the source
of the reduction of the machining accuracy which 1s caused
by shrinkage of the strip-like workpiece after exposure
which occurs 1n prior art.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 1s a schematic of the arrangement of one embodi-
ment of the exposure device as in accordance with the
invention for a strip-like workpiece. In the FIG. 1, the same
parts as shown in FIG. 6 are provided with the same
reference numbers. In this embodiment, 1n addition to the
parts shown 1n FIG. 1, workpiece holding devices 21, 22 and
a control member 40 are shown.

In the FIG. 1, a takeofl reel part 10 has a takeoff reel 1,
a spacer take-up reel la and a guide roller R1 as was
described above. The strip-like workpiece Wb 1s conven-
tionally located on a spacer S and 1s wound 1n the manner of
a roll around the takeoff reel 1. When the strip-like work-
piece Wb 1s unrolled from the takeoif reel 1, the spacer S 1s
wound up by the spacer take-up reel 1a.

To transport the strip-shaped workpiece Wb, the grip
feeding method which 1s shown 1n FIGS. 6 to 9 1s used. This
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means that downstream of the workpiece carrier WS there 1s
a grip feeding device 11. The two sides of the strip-like
workpiece Wb are held by the feed grip part 12 of the grip
feeding device 11 and the strip-like workpiece Wb 1is
transported, as was described above.

In this embodiment, a first workpiece holding device 21
and a second workpiece holding device 22 are located,
respectively, upstream and downstream of the exposure part
3 of the exposure device in the transport direction of the
strip-like workpiece Wb.

FIG. 2 1s an enlarged view of the workpiece transporting,
parts shown 1n FIG. 1. The first workpiece holding device 21
comprises a lirst suction holding carrier 23 and a first
holding grip part 25, and the second workpiece holding
device 22 similarly comprises a second suction holding
carrier 24 and a second holding grip part 26. The first suction
holding carrier 23 and the second suction holding carrier 24
apply a suction force to the back of the strip-like workpiece
Wb by a vacuum, as 1s shown in the drawing. The first
holding grip part 25 and the second holding grip part 26
clarnp the edge area of the strip-like workpiece Wb from the
top and bottom and hold 1t securely.

The first suction holding carrier 23 and the second suction
holds Ing carricr 24 are located on the back of the strip-like
workpiece Wb on the transport plane. They have the same
arrangement as the workpiece carrier WS which 1s shown
above 1 FIG. 8. Their surfaces are each provided with
vacuum suction openings O for attachment of the strip-like
workpiece Wb. When a vacuum 1s applied by vacuum part
VP, the strip-like workpiece Wb 1s attached by suction to the
suction holding carriers 23 and 24. When the strip-like
workpiece Wb 1s being transported, air flows out of the
vacuum suction openings O so that the back of the strip-like
workpiece Wb 1s prevented from coming into contact with
the surface of the first and second suction holding carriers 23

and 24.

The first holding grip part 25 and the second holding grip
part 26 ecssentially have the same arrangement as the
arrangement of the feed grip part which 1s shown in FIG. 8,
described above. The first workpiece holding device 21 and
the second workpiece holding device 22 are, however, not
provided with the feed grip drive part which 1s shown in
FIGS. 7 and 8 since the first holding grip part 25 and the
second holding grip part 26 do not move 1n accordance with
the present invention.

FIG. 3 1s a plan view of the first and second workpiece
holding device 21 and 22 and the feed grip part 12. As 1s
shown 1 the drawings, the suction holding carrier 24
extends as far as the feed grip part 12.

The first holding grip part 25 and the second holding grip

part 26 have the same arrangement as that of the feed grip
part 12 which 1s shown 1n FIG. 7. In the case of the first and
second holding grip parts 25 and 26, however, the ball-
circulating spindle 1356 and the moving part 12a are absent,
but there are holding frames for attachment of the first and
second holding grip parts 25 and 26 directly on the base. The
processes of holding and releasing of the strip-like work-
piece Wb by the first and second holding grip parts 25 and

26 are 1dentical to the processes described above relative to
FIG. 9.

In FIG. 1, a control member 40 has a serpentine control
member 41, a feed control member 42 and an overall control
member 43. The serpentine control member 41, as was
described above relative to FIG. 10, drives the takeoff reel
part 10 by the output of the edge sensor S1 and executes
serpentine correction of the strip-like workpiece. The feed
control member 42 drives the takeotf reel 1, the take-up reel
2, the holding grip parts 25 and 26, and the feed grip part 12
and controls the transport of the strip-like workpiece Wb.

10

15

20

25

30

35

40

45

50

55

60

65

3

The overall control element 43 controls a light irradiation
part 4, a workpiece carrier drive part WSD, a mask carrier
drive part MSD and the like, and furthermore, controls the
entire sequence, such as transport, exposure and the like.

In the following, transport and exposure of the strip-like

workpiece are described for this embodiment using FIGS. 4
and 5.

The control of takeofl and take-up of the strip-like work-
piece Wb by means of the takeoif reel 1 and take-up reel 2
takes place 1n the same way as 1n the conventional example
described in connection with FIG. 6. When the strip-like
workpiece Wb 1s not being held by the workpiece holding
devices 21 and 22, a tensile force 1s applied to it.

(1) At the time of completion of exposure of the strip-like
workpiece Wb, the edge arca of the workpiece Wb 1s
clamped by the feed orip part 12, as 1s shown 1n FIG. 4 using
the broken line. Both the holdmg grlp part 25 of the holding
device 21 and also the holding grip part 26 of the holding
device 22 are open. The workpiece carrier WS 1s lowered to
underneath the transport plane of the strip-like workpiece. A
mask carrier MS shown i1n FIG. 1 1s raised above the
transport plane of the workpiece.

(2) The feed grip drive part 13 is driven and the feed grip
part 12 1s moved downstream of the transport direction.
Since the strip-like workpiece Wb 1s clamped by the feed
orip part 12, the workpiece Wb 1s transported according to
the motion of the feed grip part 12.

(3) The danger of damage of the back surface of the
strip-like workpiece Wb by contact of the back of the
workpiece Wb with the surfaces of the workpiece carrier WS
and the suction holding carriers 23 and 24 1s prevented by
the fact that, during the transport of the strip-like workpiece
Wb, air flows out of the vacuum suction openings O of the
workpiece carrier WS and the suction holding carriers 23
and 24 which are arranged to attach the workpiece, since the
workpiece Wb 1s thus raised from the top sides of the
workpiece carrier WS and the suction holding carriers 23

and 24.

(4) During transport of the strip-like workpiece Wb, the
edge sensor S1 determines the edge position of the work-
piece Wb. If a serpentine of the workpiece Wb 1s determined
by this sensor S1, the signal of the edge sensor S1 1s fed back
and the entire takeofl reel part 10 1s moved 1n the direction
of the width of the workpiece Wb, as was described above
using FIG. 10. In this way, serpentine correction 1s accom-

plished.

(5) When the feed grip drive part 13 has been moved
downstream 1n the transport direction by a predetermined
amount, it 1s stopped. Control of the amount of motion of the
workpiece for transport of workpiece Wb as far as the next
arca to be exposed 1s produced by controlling the amount of
motion of the feed grip drive part 13.

(6) After movement of the workpiece Wb has been
stopped, the edge area of the workpiece Wb 1s clamped by
the holding grip part 25 of the first workpiece holding device
21 which 1s located upstream of the exposure part 3.
Furthermore, the back of the workpiece Wb 1s suctioned by
vacuum applied by the suction holding carrier 23. In this
way, attachment of the workpiece Wb 1s still ensured.

(7) In this state, the feed gripper part 12 is moved by the
feed grip drive part 13 according to the amount of stretching
of the workpiece Wb (100 to 200 microns) upstream in the
transport direction by tensile force return transport, while the
workpiece Wb remains clamped by the feed grip part 12, as
1s shown 1n FIG. 4. In this way, the tensile force which has
formed 1n the workpiece Wb 1s eliminated.

(8) As is shown in FIG. 4(c), the edge area of the
workpiece Wb 1s clamped by the holding grip part 26 of the
second workpiece holding device 22 which 1s located down-
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stream of the exposure part 3, Furthermore, the back of the
workpiece Wb 1s suctioned by vacuum applied by the
suction holding carrier 24. In this way, the attachment of the
workpiece Wb 1s ensured even more.

(9) As is shown in FIG. 4(d), in the grip feeding device 11
the feed grip part 12 1s released.

Furthermore, the vacuum suction device of the workpiece
carrier WS 1s turned on. The workpiece carrier WS 1s raised
by the workpiece carrier drive part WSD as far as the
workpiece transport position. The workpiece Wb 1s suc-
fioned and held by a vacuum on the workpiece carrier WS.
This means that the workpiece Wb 1s fixed 1n a state 1n which
1s 1t not exposed to a tensile force on the workpiece carrier

WS.

Even if the workpiece Wb 1s suctioned on the workpiece
carrier WS, the first and second workpiece holding devices
21 and 22 are not released. The reason for this 1s that, when
the devices 21 and 22 are released, the workpiece Wb, which
was held 1n a state 1n which i1t would not be exposed to a
tensile force, 1s still exposed to a tensile force because,
between the takeofl reel 1 and the take-up reel 2, as before
a tensile force 1s exerted which, however, cannot act on the
workpiece when the holding devices 21, 22 are actuated.

(10) As is shown in FIG. 5(e) and 5(f), alignment and
exposure are performed. During this, the feed grip part 12
returns to a preset position upstream of the transport direc-
tion (to the position shown in FIG. 5(¢e) using the solid line)
and again clamps the workpiece Wb for the next transport of
the workpiece Wb.

Alignment and exposure take place as follows:

First, as shown in FIG. 5(¢), the mask carrier MS, which
1s shown 1n FIG. 1, 1s lowered by the mask carrier drive part
MSD as far as the alignment position. Although the work-
piece Wb 1s not exposed to a tensile force, 1t still has no
deflection. Therefore, the workpiece carrier WS which
secures the workpiece Wb cannot be raised to the workpiece
transport plane. Furthermore, the positioning of the mask to
the workpiece Wb cannot be done by moving the workpiece

Wbh.

Next, positioning of the mask M relative to the strip-like
workpiece Wb 1s performed. Since the workpiece Wb cannot
move, as was described above, positioning 1s performed by
moving the mask carrier MS 1n the X-Y-0 direction
(X-direction: for example, to the right and left in FIG. §,
Y-direction: to the front and back in FIG. 5§, and 9-direction:
in a direction of rotation around an axis perpendicular to the
X-Y plane).

After completion of positioning, the mask carrier MS 1s
moved to the exposure position, exposure light 1s emitted

from the light irradiation part 4 (in FIG. 1) and exposure is
produced.

(11) After completion of exposure, the mask carrier M is
raised and moved 1 the X-Y-0 directions. Therefore, 1t 1s
returned to the zero point position before movement.

(12) The vacuum attachment of the workpiece by the
workpiece carrier WS 1s released. The workpiece carrier WS
is lowered, as is shown in FIG. 5(g). The holding grip part
25 of the first workpiece holding device 21 and the holding
or1p part 26 of the second workpiece holding device 22 are
released. Furthermore, vacuum suction of the first suction

holding carrier 23 and the second suction holding carrier 24
1s released.

(13) Since the strip-like workpiece Wb is clamped by the
feed grip part 12 of the grip feeding device 11, the workpiece
moves with the feed grip part 12, as was described relative
to FIG. 4(a). The return transport, which has taken place as
described above at (7) for reducing the tensile force, is
corrected by the amount of reset. The feed grip part 12
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therefore returns to the initial position which 1s shown 1n
FIG. 4(a) and the tensile force originally acting on the
workpiece 1s re-established. Afterwards, the workpiece Wb
1s transported as far as the next exposure position, and the
above described processes (1) to (13) are repeated.

ACTION OF THE INVENTION

As was described above, 1n accordance with the invention
the following effects can be obtained:

(1) The workpiece 1s not subjected to a tensile force
during exposure by the measure that upstream of the expo-
sure part there 1s a first workpiece holding part and down-
stream of the exposure part there 1s a second workpiece
holding part, that furthermore, after transport of the strip-
like workpiece 1n the first workpiece holding part, the
workpiece 1s attached and afterwards the workpiece 1s
moved back upstream 1n accordance with the the amount of
stretching, and that afterwards the workpiece 1s attached by
the second workpiece holding part and 1s held on the
workpiece carrier. This prevents exposure 1n a stretched state
of the workpiece and the reduction of exposure accuracy.

(2) Since the strip-like workpiece is exposed to a tensile
force, shortly before it 1s suctioned and held by the work-
piece carrier, the workpiece can be suctioned and held by the
workpiece carrier without waviness and folds being formed
in the workpiece. This can prevent the exposure accuracy of
the strip-like workpiece from being reduced as a result of
folds, waviness and the like.

What we claim 1s:

1. Exposure device for a strip-shaped workpiece of indefi-
nite length, comprising:

an exposure part

a transport device for holding and for intermittent trans-
porting of a strip-shaped workpiece to and from the
exposure part, the transport device being movable 1n a
downstream direction and 1n an upstream direction; and

a control element which controls the transport device such
that an unexposed area of the workpiece 1s transported
1in an 1ntermittent manner 1n said downstream direction
to the exposure part where 1t 1s exposed;

wherein the transport device comprises a first workpiece
holding part located upstream of the exposure part for
holding the workpiece and a second workpiece holding,
part located downstream of the exposure part for hold-
ing the workpiece; and

wheremn the control element comprises a storage part
which stores an pullback amount which a tensile-
stressed, unexposed part of the workpiece 1s to be
moved back 1n said upstream direction by said transport
device to result 1n there being essentially no tensile
stress on the part of the workpiece to be exposed.

2. Exposure device as claimed in claim 1, wherein the
control element 1s adapted to 1ssue said amount of pull-back
stored 1n the storage part as a control command to the
transport device, after the workpiece has been transported by
the transport device to the exposure part and has been
attached to the first workpiece holding part, by which the
transport device 1s moved 1n said upstream direction relative
to the exposure part as far as a position in which results in
essentially no tensile force acting on a part of the workpiece
to be exposed.

3. Exposure device as claimed in claim 2, wherein the
control element 1s adapted to 1ssue a second control com-
mand to the transport device, by which the workpiece is
fixed by the second workpiece holding part subsequent to
said upstream movement of the transport device.
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